The need to understand the stationarity property of inflation of any country is paramount in the design of monetary targeting policy. In this paper, unit root hypotheses of inflation rates in 21 OECD countries are investigated using the newly proposed GARCH-based unit root tests with structural break and trend specifications. The results show that classical tests over-accept unit roots in inflation rates, whereas these tests are not robust to heteroscedasticity. As it is observed from the pre-tests, those tests with structural break reject more null hypotheses of unit roots of most inflation series than those without structural breaks. By applying variants of GARCH-based unit root tests, which include those with structural breaks and time trend regression specifications, we find that unit root tests without time trend give most rejections of the conventional unit roots. Thus, care should be taken while applying variants of the new unit root tests on weak trending time series as indicated in this work. Batteries of unit root tests for discriminating between stationarity and nonstationarity of inflation rates are recommended, since in the case of over-differenced series, wrong policy decision will be made, particularly when inflation series is considered in a cointegrating relationship with other variables.
Introduction
Various unit root tests are documented in time series econometrics for pretesting series stationarity before further model estimation. The first test is the Dickey-Fuller (DF) unit root test of Fuller (1976) and Dickey and Fuller (1979) , which assumed serial un-correlation of the first differences of the time series, whereas first differences of most time series are serially correlated. The augmented component was added to the test regression model to control for the serial correlation. Augmented Dickey Fuller (ADF) (see Dickey and Fuller, 1981) and Phillips-Perron (PP) (Phillips and Perron, 1988) unit root tests were proposed simultaneously to control for serial correlation in the testing frameworks. Other unit root tests of similar testing procedures are the GLS-detrended Dickey-Fullerroot test by Narayan and Liu (2011, NL) ; a two-endogenously determined structural break-trend-GARCH-based unit root test by Narayan and Liu (2015) , and a two-endogenously determined structural break-GARCH-based unit root test by Narayan, Liu and Westerlund (2016, NLW) .
Specifically in this paper, we re-investigate unit root hypothesis of inflation rates using structural break-GARCH-based unit root tests, with data from among the Organization of Economic Cooperation and Development (OECD) countries. We consider the OECD list since this will allow us a poll of inflation rates of countries of world's interest, with number of variables large enough to reinvestigate unit root tests. Secondly, each of the time series is long enough to provide reliable estimates. As part of the strategy, we also carry out robustness checks on the tests by varying the size of the GARCH process.
There is the need to understand and judge correctly the stationarity property of inflation of any country since inflation targeting has been one of the contents of monetary targeting policy designed by the central banks over few years (Chang, Ranjbar and Tang, 2013) . For example, if inflation follows I(1) process, then shocks affecting the series will have permanent effects, thereby shifting inflation from one equilibrium level to another. Policy makers now require a very strong decision to revert inflation rates to its original level. In the alternative, if inflation is stationary I(0) process, the effects of the shocks will be temporary, and it will be easier for the policy makers to revert inflation rates to its original level. Stationary or mean reverting inflation rates implies that inflation incurs a lower cost in pursuing monetary policies by the concerned agency (Cecchetti and Debelle, 2006) . Actually, stationarity/nonstationarity of the inflation rate is controversial. Some authors are of the opinion that this series follow I(0) the process based on the fact that consumer price index (price process), the generating process is I(1). Other authors are of the opinion that the series is nonstationary I(1) process, and should be included in cointegrating relationships (Gil-Alana, Shittu and Yaya, 2012) .
The empirical investigation of review on unit root hypothesis considered in this paper starts from the account of Culver and Papell (1997) . These authors applied the sequential trend break and panel data modelling to investigate unit root hypothesis in inflation rates of 13 OECD countries and found rejection for unit root of four inflation rates based on individual country tests, but on applying panel data modelling, unit root hypothesis were rejected in all the 13 inflation rates. As a follow-up, Basher and Westerlund (2008) applied a more powerful panel unit root tests to inflation rates in OECD countries and obtained evidence for stationarity of inflation rates. Romeo-Avila and Usabiaga (2009) investigated unit root in inflation rates of 13 OECD countries taking into consideration cross-sectional dependence and mean shifts over the periods 1957 to 2005 using panel unit root test. Their results point to stationarity of inflation rates once mean shifts in the time series are considered. Gregoriou and Kontonikas (2009) applied ADF and Ng-Perron tests to five OECD countries inflation rates and found ADF accepting the null hypothesis of unit root in inflation rates in all five countries while Ng-Perron test rejected the null hypothesis of unit root in two of the countries. tested unit root hypothesis in 17 inflation rates from OECD countries using conventional unit root tests and the KPSS univariate test without structural breaks. The results obtained indicate non-rejection of unit root hypothesis in all the 17 inflation series, while with KPSS test rejection of hypothesis of unit root was observed in 10 of the cases. Further investigation using panel unit root test reveals strong evidence of the inflation rate for panels of the countries which are earlier picked to be nonstationary. Narayan and Popp (2011) applied modified seasonal unit root test with seasonal mean shifts proposed by Popp (2007) to inflation in G7 countries and found that none of the countries possessed seasonal unit root at monthly and annual frequencies, whereas a semi-annual unit root is found in the case of Germany. Noriega, Capistran and Ramos-Francia (2013) studied inflation persistence in 45 countries between 1960 and 2008 using a test for multiple changes in persistence and obtained mixed results on I(1)/I(0) dynamics of inflation in the countries. Lee (2015) considered unit root testing on inflation rates of 20 OECD countries using panel unit root test, taking into account cross-sectional dependence and smoothing structural changes of unknown form by the Fourier function. The ADF and other classical unit root tests indicated rejection of fewer null hypothesis of unit roots of inflation series, while on applying the panel unit root tests, all the null hypotheses of unit roots for inflation series for the 20 countries were rejected. Chang, Ranjbar and Tang (2013) applied a flexible Fourier stationary test to investigate mean reversion of inflation rates in 22 OECD countries between 1961 and 2011 and obtained evidence of mean reversion in all the countries, contrary to the mixed results obtained by the classical unit root tests. Zhou (2013) applied nonlinearity-based unit root testing procedure to examine the stationarity of inflation rates of 12 European countries that form the Euro-zone. The results obtained showed that classical unit root test hardly rejects the null hypothesis of unit root due to the fact that the time series are characterized with nonlinearity which needs to be considered during the testing procedure. Upon applying the nonlinearity-based unit root test, 10 of the 12 inflation rates appear to be stationary. Gil-Alana, Yaya and Solademi (2016) considered inflation rates in a group of 7 countries and investigated unit roots hypothesis based on classical tests and fractional persistence approach with structural breaks and nonlinearity. The results obtained first indicated mixed results by the ADF, PP and Kapetanios Schmidt and Shin (KSS) tests, while upon applying the fractional persistence approach, the results showed evidence of unit roots in the cases of the UK, Canada, France, Italy, Japan and the USA, and evidence of mean reversion in the case of Germany. Canarella and Miller (2017) investigated the dynamics of inflation persistence in Canada, Sweden, UK, Chile, Isreal and Mexico in order to establish cointegrating relationship of inflation in each country with inflation rates in Germany and the US. The authors obtained mixed results such that inflation rates in advanced countries (Canada, Sweden, UK, Germany and the US) are fractionally integrated in stationary mean reverting ranges, while inflation rates for Chile, Isreal and Mexico are nonstationary mean reverting.
Due to the importance of the decision of unit root tests in econometric time series modelling, there is the need to apply a more robust unit root tests, developed for specific time series areas. As noted, economic and financial time series often exhibits structural breaks and nonlinearity in the form of heteroskedasticity, thus this calls for new testing procedure other than the wellknown ADF unit root tests. The GARCH-based and structural break-GARCHbased unit root testing frameworks are very new testing procedures. The basis for GARCH-based unit root test is found in Kim and Schmidt (1993) , who considered the first GARCH-type heteroscedasticity unit root tests for time series. Then, Haldrup (1994) , Ling, Li and McAleer (2003) and Cook (2008) applied the framework in testing unit roots in heteroscedasticity-based time series, whereas the testing procedure is lacking in its ability to investigate simultaneously structural break and unit root in the series as in Perron (2006) and NP (2010) for the case of homoscedasticity. Narayan and Liu (NL, 2011) presented the first structural break-GARCHbased unit root test which accommodates two structural breaks in the heteroscedastic time series. This procedure lays the foundation for Narayan's structural break GARCH-based unit root frameworks and empirical applications of these tests are found in Salisu and Mobolaji (2013) , Salisu and Fasanya (2013) and Mishra and Smyth (2014) . NL (2015) and NLW (2016) were developed from NL (2011). NL (2015) include both intercept and time trend in the structural break-GARCH-based unit root test, while in NLW (2016), time trend is absent while only constant is included. Other applications to NL (2015) and NLW (2016) are found in Salisu and Adeleke (2016) and .
None of the empirical works on the newly proposed unit root testing procedures have been applied on inflation rates. Recent developments suggest that conflicting decisions often emerge while testing stationarity of inflation dynamics, particularly inflation rates from developed and emerging non-African economies such as the G7, BRICS and the OECD countries.
The rest of the paper is therefore structured as follows: Section 2 presents the data and pre-test analyses, which include testing for trend, heteroscedasticity, structural breaks. Section 3 presents the structural break GARCH-based unit root tests considered in the paper. Section 4 presents the results of the unit root tests, while Section 5 renders the concluding remarks.
The Data and Pre-test
Monthly time series of 21 inflation rates applied in this paper are sourced from Main Economic Indicators of the Organization of Economic Cooperation and Development (OECD), available at https://data.oecd.org/price/inflation-cpi.htm. These countries are Austria, Belgium, Brazil, Canada, Denmark, Finland, France, Greece, Hungary, India, Ireland, Israel, Italy, Japan, Korea, Luxemburg, Netherlands, Norway, South Africa, UK and the USA. For convenience, we have used initial classification to rename these countries, for example, Austria (AUS). Data identification and coverage for each of the time series is presented in Table 1 . Descriptive statistics computed from the inflation series are presented in Table 2 . These analyses include mean, maximum, minimum, standard deviation, skewness, kurtosis and Jarque-Bera (JB) test for normality. The average highest inflation rate is recorded for Brazil, while many countries in the Euro-zone, in Canada and in the USA indicated average inflation rates of 3 to 4%. Most of these countries with low inflation rates present negative minimum inflation of about -2% and maximum inflation rates of two-digit of less than 30% on the average. Based on the estimates of standard deviation, it is quite obvious to observe fluctuations in inflation time series of the countries considered. Estimates of skewness are positive in all the cases, with skewness values above 0.5 in 19 of the cases. Thus, the distributions of the time series are positively skewed in these 19 cases. Platykurtosis is also observed in 19 different cases, while leptokurtosis is observed in the remaining two cases (GRE and XAF). Generally, estimates of JB test conclude that the null hypothesis of normality of inflation rates should be rejected in all the cases.
Next, we report the presence of heteroscedasticity based on ARCH test, and we found rejection of null hypothesis of homoscedasticity in all the cases. Thus, it implies that conditional heteroscedasticity is present in the time series. This also further explains the need for GARCH process in the unit root testing frameworks.
Since the unit root testing frameworks considered in this work applied trend and structural break as part of the testing procedures, we estimate both 'Trend' and 'Trend1' as presented in the last two columns of Table 2 . The significance of trend coefficient in 'Trend' implies the consideration of trend in the unit root testing procedure. Similarly, 'Trend1' includes the two dummy variables D1 and D2 for the two break dates T1 and T2 as determined based on Bai-Perron (BP) multiple structural breaks test results presented in Table 4 . All the trend coefficients under 'Trend' are significant, while in 'Trend1' column, the trend coefficients computed for BRA, LUX and NLD are not significant.
We present in Table 3 the results of classical unit root tests for non-structural break-based and structural break-based unit root tests. Starting with the results of DF, ADF, PP, S-P and Ng-Perron unit root tests, we observe consistency in the stationarity decision of these unit root tests for AUS, BRA, IND, JPN and KOR on significance of at least two of the unit roots for each of the series. Thus, these series seem to be stationary-based on these tests. In the overall, these five unit root tests were able to reject null hypothesis of unit roots at 4, 4, 6, 4 and 6 cases of each of the tests, respectively. Looking at the results of 1-structural break unit root tests by Zivot and Andrew (Z-A) and Perron 2006, we observed more rejections of unit roots in the inflation rates. The five inflation series observed to be stationary based on DF, ADF, PP, S-P and Ng-Perron are also found to be stationary based on these structural break-based unit root tests. Based on the results of 2-structural break unit root test of NP (2010) with M1 test model, we observed 8 rejections of null hypothesis of unit root of inflation series, and the decisions reached were different from those obtained by the classical unit root tests, even though there are consistencies with those results obtained based on 1-structural break unit root tests. Due to the fact that the inclusion of structural break in the unit root testing procedure increased the rejection rates of the unit roots in time series, it implies that ADF and other similar tests over-accept unit roots in the presence of structural breaks in the time series. Table 4 presents the results of the number of significant breaks as well as two break dates in the inflation series based on Bai-Perron multiple structural break test. Two significant break dates were identified for BRA, IND, ISR, KOR and LUX while AUS and HUN present 5 significant break dates. Since two break dates are found in all the inflation rates, the use of structural break-GARCH-based unit root tests by Cook (2008) , NL(2011 ), NL(2015 and NLW(2016) is further justified. 2, 3, 4, 5 are 8.58, 10.13, 11.14, 11.83, 12.25 , and 1
Acronyms for the unit root tests: DF (Dickey-Fuller), ADF (Augmented Dickey Fuller), PP (PhillipsPerron), S-P (Schmidt-Phillips), Ng-Perron, (Z-A) Zivot-Andrews, Perron and NP(2010). Note, for PP test, the corresponding bandwidth value is in squared bracket, while for other tests the corresponding lag length for the test model information criterion is in squared bracket. Critical values for NP2010 test at 5% level of significance is 4.08, while critical levels for the other unit root tests are given in respective tables by the authors.

*** indicates significance of the tests at 5% level. The 'BLUE' denotes evidence of stationarity of inflation series in those countries by non-structural break-unit root tests, while the 'GREEN' denotes evidence of stationarity of inflation rates in those countries by structural break-unit root tests.
T and 2
T denote the two longest break sub-samples.
The Structural break-GARCH-based Unit root test
Since the classical ADF test is not robust to structural breaks, and inference made based on the testing procedure is not valid in the presence of structural breaks, Narayan and Poop (NP, 2010 ) introduced a modified ADF-type tests, in two models, both allowing for two structural breaks. The first model, termed M1, allows for two structural breaks in the intercept of the time series only, while the second model, which is termed M2, allows to simultaneously test two breaks in the intercept and trend of the time series. Thus, M1 test model of NP (2010) is the basis for GARCH-based unit root tests applied in this paper, and this is specified as: As a result of non-normality of the residuals, which contradicts the OLS regression assumption, Narayan and Liu (NL, 2011) then proposed a GARCHbased unit root test by augmenting NP (2010) M1 test regression. Thus, the proposed NL(2011) test regression model is (2011) in (3), together with (6) and 7), the model becomes
which is a testing procedure proposed for modelling trending series in NL (2015) . Actually, the authors found that this testing procedure outperforms NL(2011) and Cook (2008) GARCH-based unit root tests. In the case of non-trending/weak trending series, Narayan, Liu and Westerlund (NLW, 2016) silenced the trend component in NL (2015) test regression. Thus, the model included only the intercept:
(7) Cook (2008) GARCH-based unit root test regression is obtained from (7) by excluding the structural break components to obtain
(8) The scope of the work was further extended by carrying out robustness checks by varying the orders of the GARCH (p,q) model as (1,2), (2,1) and (2,2).
GARCH-based Unit root results
The results for GARCH-based unit root tests discussed above are presented in Tables 5, 6a and 6b. Table 5 presents the standard tests based on GARCH(1,1) process, while Tables 6a and 6b present the robustness tests by varying the orders of GARCH model. From Table 5 , we observe unit root rejection rates for 11, 14, 11 and 10 inflation rates corresponding to Cook (2008) , NL(2011 ), NL(2015 and NLW (2016), respectively, and we further observed similar decision on the rejection of unit roots, which include five inflation rates (AUS, BRA, IND, JPN and KOR) picked to be stationary by classical unit root tests. We further observed similar decision on unit roots of five inflation rates (AUS, BRA, IND, JPN, KOR) based on the classical tests. Generally, in all the four GARCH-based unit root tests, null hypothesis of unit roots were rejected in the cases of BEL, BRA, DEN, IND, IRE, ISR, KOR and NOR. Cook (2008 ), NL(2011 ), NL(2015 and NLW(2016) unit root tests are -2.86, -2.87, -3.89 and -3.66 , respectively. *** denotes statistical significance of the unit root tests.
Consistency and robustness of the unit root test are investigated by varying the lag lengths of the GARCH process as GARCH(1,2), GARCH(2,1) and GARCH(2,2). These results are presented in Tables 6a [Cook (2008) and NL (2011)] and Tables 6b [NL(2015) and NLW (2016)]. A critical look at the results indicates quite much consistency in the decision of the unit root tests based on NL(2011) unit root test. Recall that this testing regression does not include constant and time trend. Thus, NL(2011) test exhibits more robustness to lag lengths than any other GARCH-based unit root test since it appears to be insensitive to the lag order of the symmetric GARCH model. Based on consistency, Cook (2008) also outperformed the other remaining two GARCHbased unit root tests. Cook (2008) , NL(2011 ), NL(2015 and NLW(2016) unit root tests are -2.86, -2.87, -3.89 and -3.66, respectively Note: For consistency, we only made inference on the tests at 5% significant levels. Thus, critical values for Cook (2008) , NL(2011 ), NL(2015 and NLW(2016) unit root tests are -2.86, -2.87, -3.89 and -3.66, respectively. 
Concluding remarks
The unit root hypothesis of inflation rates in 21 OECD countries was investigated using structural break GARCH-based unit root tests newly proposed in the literature. These unit root tests are the NL(2011), NL(2015) and NLW(2016) for without both intercept and trend specification, with intercept and trend specification, and the specification without trend only, respectively. These tests are based on the initial propositions of Cook (2008) for GARCH-based unit root test and NP(2010) two exogenous structural break regression test. Combining the ideas of the two strategies, NL(2011) obtained the first structural break GARCHbased unit root test.
Firstly, the pre-tests results to describe the data were obtained, the level of stationarity based on classical unit root tests, the trend, heteroscedasticity and structural break tests were determined. The results pointed to the usage of the newly proposed structural break GARCH-based unit root tests as better tests than the earlier proposed tests in the presence of heteroscedasticity and structural breaks.
It was found that classical ADF unit root test and other similar tests overaccept the null hypotheses of unit roots in inflation series in the presence of structural breaks and heteroscedasticity. However, pre-tests results indicated significant trend in the presence of structural breaks, but unit root analyses indicated that the test of NL(2011) without both intercept and trend gave the best unit root decision, with the highest number of rejections of the null hypothesis. Thus, care should be taken in applying the structural break GARCH-based unit root tests, particularly in a weak and significant trend case. Also, in the case of ADF unit root testing framework for no intercept, trend only, and intercept and trend, the three tests (NL2011, NLW2016 and NL2015) are recommended to be carried out simultaneously on a weak trended time series such as inflation rates in order to properly establish the nonstationarity/stationarity level of the series. This work still agrees with Narayan and Liu (2015) and Salisu and Adeleke (2015) in the cases of trended time series, noting that the series applied in the papers are strongly trended. To the monetary agency and other time series experts, we recommend using batteries of unit root tests on inflation rates to discriminate between stationarity and nonstationarity, since in the case of over-differenced series, wrong policy decision will be reached, particularly when the inflation rate is used in a cointegrating relationship.
